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Two new species of Cylicospirura Vevers, 1922 (Nematoda:
Spirocercidae) from carnivores in southern Africa,

with validation of the related genera Gastronodus Singh, 1934
and Skrjabinocercina Matschulsky, 1952
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Abstract: Two new species of Cylicospirura Vevers, 1922 are described from carnivores from southern Africa. Cylicospirura crocu-
tae Junker et Mutafchiev sp. n. from Crocuta crocuta (Erxleben) in Zimbabwe is distinguished from its congeners by combinations
of characters, including the presence of four cephalic and four external labial papillae, while internal labial papillae were not distinct,
the presence of groups of small accessory teeth between the six large tricuspid teeth, the fifth and the sixth pairs of the caudal papil-
lae being equidistant from the cloaca, and a large ratio of length of the muscular oesophagus to that of the glandular oesophagus.
Cylicospirura pardalis Junker et Mutafchiev sp. n. from Panthera pardus (Linnaeus) in the Republic of South Africa is characterized
by having tricuspid teeth with large, claw-like, abaxial cusps, four cephalic and six internal labial papillae. Based on the number
of caudal papillae and the position of the vulva, the subgenera Gastronodus Singh, 1934 and Skrjabinocercina Matschulsky, 1952
are re-clevated to generic rank. Amended diagnoses are proposed for the genera Cylicospirura, Gastronodus and Skrjabinocercina.
Petrowospirura lyncis Matschulsky, 1952 is recognized as valid and, together with P. petrowi Sadykhov, 1957 and P. barusi Arya,
1979, is transferred to Cylicospirura as C. lyncis (Matschulsky, 1952) Junker et Mutafchiev comb. n., C. petrowi (Sadykhov, 1957)

Junker et Mutafchiev comb. n. and C. barusi (Arya, 1979) Junker et Mutafchiev comb. n., respectively.
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The genus Cylicospirura Vevers, 1922 was erected as
monotypic for C. subaequalis (Molin, 1860) Vevers, 1922
(syn. Spiroptera subaequalis Molin, 1860) from Puma
concolor (Linnaeus) and Puma yagouaroundi (Geof-
froy) (Carnivora: Felidae) in Brazil (Molin 1860, Vevers
1922). The genus went largely unnoticed until Chabaud
(1959a,b) examined the cephalic structures of a collec-
tion of spirurids from carnivores. Based on the presence
of a mouth without median lobes and a buccal capsule
armed with six teeth, being simple or with two or three
cusps, several species were assigned to Cylicospirura:
C. arctica (Petrow, 1927) Chabaud, 1959 (syn. Spirocerca
arctica Petrow, 1927), C. heydoni (Baylis, 1927) Chabaud,
1959 (syn. Spirocerca heydoni Baylis, 1927), C. petrowi
(Matschulsky, 1952) Chabaud, 1959 (syn. Skrjabinocer-
cina petrowi Matschulsky, 1952) and C. strasseni (Singh,
1934) Chabaud, 1959 (syn. Gastronodus strasseni Singh,

1934) (see Chabaud 1959b). In addition, Chabaud (1959b)
recognized Petrowospirura lyncis Matschulsky, 1952 as
a synonym of the type species C. subaequalis.

In a subsequent publication, Chabaud (1975) consid-
ered three subgenera within the genus Cylicospirura: the
nominotypical subgenus harbouring parasites of carni-
vores and dasyurid marsupials; the monotypic Gastron-
odus Singh, 1934 from shrews (originally spelled out
as ‘Castronodus’ but subsequently corrected, see Singh
1948) and Skrjabinocercina Matschulsky, 1952 from ro-
dents. To date, six species, predominantly from felid and
canid carnivores and dasyurid marsupials, have been rec-
ognized within the nominotypical subgenus worldwide
(see below). A single species, C. subaequalis, has been re-
corded from large African carnivores (Sandground 1929,
Round 1968, Graber and Thal 1980, Graber et al. 1980).
The scarcity of data on Cylicospirura in these carnivores,
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especially in recent years, most likely reflects the nature
of their hosts and does not necessarily indicate a low
prevalence of these parasites. According to the Interna-
tional Union for Conservation of Nature, the conservation
status of the spotted hyaena, Crocuta crocuta (Erxleben),
is still listed as of least concern, but with population num-
bers that continue to decline outside protected areas due
to habitat loss, persecution and hunting for trade and pest
control (Honer et al. 2008). In contrast, that of the leopard,
Panthera pardus (Linnaeus), is near threatened (Henschel
et al. 2008), and lions, Panthera leo (Linnaeus), are listed
as vulnerable (Bauer et al. 2008). Thus, opportunities to
study their helminth fauna are rare.

Recently, material from two carnivores from southern
Africa, collected during post mortem examinations, has
become available. While easily identified as belonging
to Cylicospirura, the specimens differed from the known
species. They are described below as two new species,
one from a spotted hyaena in Zimbabwe and one from
a leopard in the Republic of South Africa. In addition,
the morphological characteristics of all species described
as belonging to Cylicospirura, Gastronodus, Petrowo-
spirura Matschulsky, 1952 or Skrjabinocercina have
been critically assessed and their taxonomic status evalu-
ated. As a result, Gastronodus and Skrjabinocercina are
proposed here as valid genera (and not as subgenera of
Cylicospirura). Their generic diagnoses, together with
that of Cylicospirura, are amended. Cylicospirura lyn-
cis (Matschulsky, 1952) comb. n. is validated and, along
with C. petrowi (Sadykhov, 1957) comb. n. and C. barusi
(Arya, 1979), comb. n., is transferred to the genus Cyli-
cospirura.

MATERIALS AND METHODS

Helminths were fixed and stored in 70% ethanol and cleared
in lactophenol for morphological studies. Apical views were cut
using a razor blade. Specimens were studied under a compound
microscope (Olympus BXS51) equipped with a drawing tube
and digital camera (Olympus DP72). Photos and measurements
were taken with the aid of digital imaging software (Olympus
cellSens Dimension, version 1.4.1). All measurements are given
in micrometres unless otherwise indicated. The tail papillae are
numbered according to Chabaud and Petter (1961). Because
these nematodes are tightly embedded in the nodular tissue, it
is not always possible to extract entire nematodes and some of
the material is fragmented. All specimens were deposited in the
National Collection of Animal Helminths, ARC-Onderstepoort
Veterinary Institute, South Africa (NCAH). Mammalian nomen-
clature follows Wilson and Reeder (2005).

RESULTS

Cylicospirura crocutae Junker et Mutafchiev sp. n.
Figs. 1,2
Description. Medium-sized worms. Body cylindrical,
tapering at both ends; maximum body width at oesopha-
go-intestinal junction. Cuticle with narrow transverse stri-
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ations, spaced approximately 3 um apart. Mouth opening
hexagonal, delineated by six sclerotized, lip-like crescents
in the lateral and submedian positions (Fig. 1B). Buccal
capsule large, heavily sclerotized, goblet-shaped, with
cylindrical base (Figs. 1C,D, 2B,E). Six large teeth arise
in posterior half of buccal capsule, projecting anteriorly.
Each tooth bearing three cusps; lateral cusps rounded and
knob-like, central cusp slightly elongated. Between large
teeth, six groups of four to six small accessory teeth arise
from buccal capsule wall, projecting into it (Figs. 1B, 2A).
Amphids aligned with two lateral large teeth. Eight head
papillae, comprising four cephalic papillaec and four ex-
ternal labial papillae, arranged in two almost overlapping
circles at level of amphids and aligned with base of sub-
median large teeth (Figs. 1B, 2A). Internal labial papil-
lae not seen. Oesophagus divided into anterior muscular
and posterior glandular part (Figs. 1A,D, 2C); muscular
oesophagus nearly cylindrical, glandular oesophagus
subtly increasing in width posteriorly, with widest part at
oesophago-intestinal junction. Deirids small, spine-like,
at level of nerve ring or slightly anterior or posterior to it;
excretory pore slightly posterior to nerve ring; nerve ring,
deirids and excretory pore at level of muscular oesopha-
gus (Fig. 1C,D).

Male (based on holotype; measurements of a single
posterior fragment in parentheses when available; see Ta-
ble 1 for additional measurements). Buccal capsule 139
long, including cylindrical base 57 long (Figs. 1D, 2E).
Deirids at 466 and 487 from anterior end, excretory pore at
570 from anterior end. Muscular and glandular oesopha-
gus 106 and 247 wide, respectively; ratio of muscular to
glandular oesophagus length 1 : 9.1; total oesophagus
length 26.3% of body length. Testis extending to level
slightly posterior to oesophago-intestinal junction. Tail
coiled ventrally, 1.5% of body length. Caudal alae nar-
row, 1.26 mm long in posterior fragment in ventral view
(Fig. 1E, 2F). Area rugosa consisting of distinct, parallel,
longitudinal cuticular ridges; absent in area around cloaca
and subterminal papillae; extending 2.7 (2.3) mm anteri-
orly from tip of tail. Cloaca slit-like, without conspicuous
cuticular lips.

Ten pairs of caudal papillae; pairs 1-4 ventrolateral,
precloacal, pedunculate, not equidistant from each other,
distance between pairs 2 and 3 larger than between 1 and
2, and 3 and 4, respectively; pairs 3 and 4 slightly smaller
than pairs 1 and 2; pairs 5 and 6 postcloacal, peduncu-
late, at same distance from cloaca, pair 5 ventral, slightly
smaller than ventrolateral pair 6; pairs 7-10 small, ses-
sile, arranged in subterminal group around cuticular pads
near tip of tail; phasmids situated between pairs 9 and 10.
A single, large, sessile, median papilla anterior to cloaca.
Spicules unequal and dissimilar; left spicule long and
slender, tapering to pointed tip; right spicule short, robust
with round tip (Fig. 1F,G); spicular ratio 1 : 4.0 (1 : 4.1).
Gubernaculum present, irregularly shaped, 144 long
(Fig. 1H).
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Fig. 1. Cylicospirura crocutae sp. n. from Crocuta crocuta. A — anterior end, female, lateral view; B — head, female, apical view;
C — anterior end, female, ventral view; D — anterior end, male, lateral view; E — posterior end, male, ventral view, note phasmids
(black arrows); F — proximal and distal end of left spicule, subventral view; G — right spicule, subventral view; H — gubernaculum,
subventral view; I — egg; J — vagina, ovejector and beginning of uterus, female, lateral view; K — posterior end, female, lateral view.
Scale bars in micrometres: A= 1000; B =50; C-E, J =200; F-H, K =100; [ = 25.
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Fig. 2. Cylicospirura crocutae sp. n. from Crocuta crocuta. A-D female; A —head, apical view; cp — cephalic papilla; elp — external
labial papilla; arrows indicating amphids; B — anterior end, ventral view; C —junction of muscular and glandular oesophagus (arrow),
lateral view; D — vagina and ovejector, lateral view, arrow indicating vulva; E, F male; E — anterior end, lateral view; F — posterior
end with caudal papillae, papillae on right numbered according to Chabaud and Petter (1961), asterisk indicating phasmid.

Female (based on two anterior fragments; measure- (477 and 529) from anterior end; excretory pore at 642
ments of second specimen in parentheses, followed by  (626) from anterior end. Muscular oesophagus 821 (814)
those of a third when available; see Table 2 for additional  long, 117 (119) wide; glandular oesophagus 6.03 (6.58;
measurements). Buccal capsule 162 (175) long, includ- 6.29) mm long, maximum width 285 (273; 275); ratio of
ing cylindrical base 62 (64) long. Deirids at 433 and 525  muscular to glandular oesophagus 1 : 7.3 (1 : 8.1; 1 : 8.5).
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Genital tract didelphic, opisthodelphic. Vulva without
salient lips, opening anterior to oesophago-intestinal
junction (Fig. 1A). Vagina simple, pouch-like, directed
posteriorly (a forward loop in second specimen likely
an artefact of specimen damage), 821 (902) long, joined
in posterior third by muscular and convoluted ovejector
(Figs. 1J, 2D). Eggs thick-shelled, with well-developed
first-stage larva (Fig. 1I). In two posterior fragments, tail
93 and 116 long, respectively, broadly conical (Fig. 1K).

Type host: Crocuta crocuta (Erxleben) (Carnivora: Hyaeni-
dae); collected on 26 June 2012.

Type
(Nakavango Estates;
Falls, Zimbabwe.

Site: Nodules in stomach.

locality: Victoria Falls Private Game Reserve
18°00'48"S; 25°46'42"E), Victoria

Type specimens: Holotype: NCAH.2.1 (male). Paratypes:
NCAH.2.2 (posterior fragment of male); NCAH.2.3—4 (two
anterior fragments of females); NCAH.2.5 (anterior fragment
of female, used for apical view of head); NCAH.2.6-7 (two
posterior fragments of females).

Etymology: This species is named after its host.

Remarks. Cylicospirura crocutae sp. n. conforms
to the generic diagnosis of Cylicospirura by having six
large teeth that arise from the posterior half of the buccal
capsule, four pairs of pedunculate precloacal papillae and
a vulva positioned near the oesophago-intestinal junction
(see below). However, C. crocutae can be readily distin-
guished from all its congeners (except probably C. barusi,
see below) by the presence of groups of small accessory
teeth between the six main teeth that are absent in the
remaining species; in addition, males of the new species
are characterized by the position of the fifth pair of caudal
papillae, situated between the two papillae of the sixth
pair (both pairs are equidistant from the cloaca), which
contrasts with the more posteriorly positioned sixth pair
in the remaining species (Baylis 1927, Petrow 1927, Mat-
schulsky 1952, Sadykhov 1957, Kozlov et al. 1964, Maw-
son 1968, Pence et al. 1978, Arya 1979, Clark 1981, Waid
and Pence 1988).

By having four pairs of submedian papillae that sur-
round the mouth opening, C. crocutae resembles C. ba-
rusi, which, however, differs by having simple large
teeth without cusps, the lateral ones of which are short-
er than the submedian ones, and a shorter right spicule
(350440 pum vs 550 pm and 564 pm). Whereas males
of C. barusi are similar or larger in size, the length of the
glandular oesophagus is barely half that in C. crocutae
(Table 1).

The number and arrangement of the head papillae dis-
tinguish the new species from the majority of the conge-
ners. Cylicospirura crocutae possesses four external la-
bial and four cephalic papillae that are uniform in size and
arranged in two almost overlapping circles at the level of
the amphids, while internal labial papillaec were not seen.
In contrast, C. advena Clark, 1981, C. felineus (Chandler,

1925), C. skrjabini Kozlov, Owsjukova et Radkewitch,
1964 and C. subaequalis are characterized by four cephalic
and six internal labial papillae (Kozlov et al. 1964, Pence
et al. 1978, Clark 1981, Waid and Pence 1988); C. hey-
doni possesses four cephalic, four external labial and six
internal labial papillae (Mawson 1968); for C. lyncis, six
internal labial papillae are illustrated (Matschulsky 1952).
No information is available for C. arctica and C. petrowi.
A number of additional characters differentiate the present
specimens from the latter two species (see below).

Of the nine species of Cylicospirura, only two possess
teeth with three distinct cusps, C. felineus and C. skrjabini
(see Kozlov et al. 1964, Pence et al. 1978). The cusps are
of equal size and arranged in a row on the anterior border
of each tooth, rounded in C. felineus and conical in C. skr-
jabini (see Kozlov et al. 1964, Pence et al. 1978, Junker et
al. 2006); those of C. crocutae are rounded, with the me-
dian cusp being elongate and situated slightly anterior to
the lateral two. The largest males of C. felineus are similar
in size to the single entire male of C. crocutae (19.2 mm
vs 22.7 mm) but their muscular and especially glandular
oesophagus is distinctly shorter than that of the new spe-
cies (362—467 um vs 592 pm and 2.3-3.2 mm vs 5.38 mm,
respectively). Similarly, in a single male of C. skrjabini,
21 mm long, the glandular oesophagus is only 2.3 mm
long and the muscular to glandular oesophagus length
ratio is 1 : 3.6 as opposed to 1 : 9.1 in the present male.
The position of the vulva is at the oesophageal level in
C. crocutae and C. felineus, but at the intestinal level in
C. skrjabini.

In addition to the differences outlined above, C. lyn-
cis can be distinguished from C. crocutae by having
teeth with a variable number of indistinct cusps, ranging
from smooth to tricuspid in the same specimen (Fig. 6 of
Matschulsky 1952) and a shorter muscular to glandular
oesophagus length ratio in males (1 : 6.1 vs 1 : 9.1; Ta-
ble 1).

Baylis (1927) described C. heydoni as having tricus-
pid teeth, illustrated as sharply pointed in lateral view
and conical with less acute tips in apical view, with the
central cusp being longer than the lateral ones. Mawson
(1968), however, described and illustrated the teeth as
having a single, sharply pointed cusp. Whereas males of
C. heydoni reach almost twice the length of the male of
C. crocutae (3244 mm vs 22.7 mm), their total oesopha-
gus (5.0-6.0 mm) as well as their muscular oesophagus
length (500-560 um) is close to that seen in C. crocutae
(5.97 and 5.92 mm, respectively; Table 1).

The teeth of C. subaequalis bear two cusps, thus
giving their apex a spanner-like appearance in apical
view. The buccal capsule of males and females is nar-
rower (59—82 um and 73-96 pm) and shorter (46—78 pm
and 64-91 um) than that of C. crocutae (131 pm and
135-137 um wide; 139 um and 162—175 pum long). Based
on the ranges provided by Waid and Pence (1988), the
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oesophagus reaches a maximum of 19.2% of the body
length in C. subaequalis males compared to 26.3% in the
male of C. crocutae. The position of the vulva is at the
intestinal level in C. subaequalis, but at the oesophageal
level in the present specimens.

Teeth that carry a single, sharply pointed cusp each
and the smaller body size of the males (6.2—6.8 mm vs
22.7 mm) distinguish C. arctica from C. crocutae. Fur-
thermore, the tip of the tail of C. arctica females is nar-
rowly conical and the position of the vulva is intestinal
(Petrow 1927).

Cylicospirura advena differs from C. crocutae by hav-
ing smoothly rounded teeth without cusps and a shorter
buccal capsule (50 um in males and 92 pm in females vs
139 um and 162—175 pm, respectively; Tables 1, 2; Clark
1981). Cylicospirura petrowi males are half the size of the
male of C. crocutae sp. n. and have a smaller muscular
to glandular oesophagus ratio (1 : 4.9 vs 1 : 9.1; Table 1).

Despite the low number of specimens at our disposal,
the available diagnostic criteria, especially the configura-
tion of the large teeth, as well as the presence of small
accessory teeth, carry sufficient weight to unequivocally
differentiate the current specimens from all remaining
species of Cylicospirura.
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Fig. 3. Cylicospirura pardalis sp. n. from Panthera pardus. A —head, male, apical view; B, C female; B — anterior end, female, lateral
view; C — anterior end, lateral view; D — egg; E — distal end of left spicule, subventral view; F — right spicule, subventral view. Scale
bars in micrometres: A = 50; B =500; C =200; D =25; E, F = 100.

Cylicospirura pardalis Junker et Mutafchiev sp. n.
Figs. 3,4
Description. Body gradually tapering anteriorly,
maximum body width at oesophago-intestinal junc-
tion. Cuticle with narrow transverse striations, spaced
approximately 3 pm apart. Lateral alae absent. Mouth
opening hexagonal, delineated by six sclerotized, lip-like
crescents in the lateral and submedian positions (Fig. 3A,
4A). Buccal capsule large, heavily sclerotized, funnel-
shaped, with cylindrical base representing one third of its
length (Figs. 3C, 4B,C). Six large cuticular teeth arising
in posterior half of buccal capsule, projecting anteriorly;
each tooth bearing three large, abaxial, claw-like cusps
(Figs. 3A, 4A). Groups of small teeth between large teeth
absent. Close to mouth opening, six small internal labial
papillae, in lateral and submedian positions; slightly pos-
terior to level of amphids, four large cephalic papillae;
amphids in line with two lateral teeth, cephalic papillae
almost opposite of submedian teeth, not quite in line with
internal labial papillae (Figs. 3A, 4A); external labial pa-
pillae not seen. Oesophagus divided into anterior muscu-
lar and posterior glandular part (Figs. 3B,C, 4C); mus-
cular oesophagus nearly cylindrical; distinct increase in
width between muscular and glandular oesophagus; glan-
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Fig. 4. Cylicospirura pardalis sp. n. from Panthera pardus. A — head, male, apical view; cp, cephalic papillae; ilp, internal labial
papilla; arrows indicating amphids; B, C female; B — anterior end, lateral view; C — anterior end, including junction of muscular and
glandular oesophagus (arrow); D — damaged posterior end of male, ventral view, illustrating the four precloacal papillae, numbered
according to Chabaud and Petter (1961), and the right spicule.

dular oesophagus subtly increasing in width posteriorly,
its widest part at oesophago-intestinal junction. Deirids
small, spine-like, slightly posterior to nerve ring. Excre-
tory pore posterior to deirids (Fig. 3C).

Male (based on one anterior and one posterior frag-
ment with damaged tail tip). Length of anterior fragment
11 mm. Maximum width 618. Width of muscular oesopha-
gus 101. Length of glandular oesophagus 3.1 mm, width
324. Pairs 1-4 of caudal papillae discernible, peduncu-
late, precloacal (Fig. 4D). Area rugosa consists of distinct,
parallel, longitudinal cuticular ridges, extending 2.13 mm
anteriorly, when measured from level of pair 4 of the cau-
dal papillae. Spicules unequal and dissimilar; left spicule
slender, its proximal part broken off, remaining fragment
2.71 mm long, tapering to pointed tip (Fig. 3E); right spi-
cule 568 long, with round tip (Figs. 3F, 4D).

Female (based on one female anterior fragment; see
Table 2 for additional measurements). Buccal capsule 170

long, including cylindrical base 58 long. Deirids and ex-
cretory pore at 491 and 643 from anterior end, respective-
ly. Muscular and glandular oesophagus 143 and 274 wide,
respectively; ratio of muscular to glandular oesophagus
length 1 : 7.0. Genital tract didelphic, opisthodelphic.
Vulva without salient lips, slightly anterior to oesopha-
go-intestinal junction (Fig. 3B); vagina and ovejector
muscular, partially obscured by eggs. Eggs thick-shelled,
slightly elongated with almost parallel sides, containing
well-developed first-stage larva (Fig. 3D).

Type host: Panthera pardus (Linnaeus) (Carnivora: Feli-
dae); collected on 31 March 2011.

Type locality: Bangu Windmill (24°07'29"S;31°49'46"E),
Kruger National Park, Mpumalanga Province, South Africa.

Site: Nodules in oesophagus.

Type specimens: Holotype: NCAH.3.1 (anterior frag-
ment of female). Paratypes: NCAH.3.2 (posterior fragment
of male, tip of tail missing); NCAH.3.3 (anterior fragment
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of male, head cut for apical view); NCAH.3.4 (fragment of
female, containing eggs).
Etymology: This species is named after its host.

Remarks. In having tricuspid teeth, C. pardalis sp. n.
resembles C. skrjabini, C. felineus, C. crocutae sp. n. and
C. Iyncis (see above). It differs from them by the larger
size of the cusps, their distinct claw-like appearance and
abaxial orientation. The cusps are rounded in C. felineus
and C. crocutae, conical with rounded tips in C. skrjabini,
and indistinct and variable in number in C. lyncis; they all
are directed adaxially (Matschulsky 1952, Kozlov et al.
1964, Pence et al. 1978). Cylicospirura skrjabini further
differs from C. pardalis by a smaller muscular to glan-
dular oesophagus length ratio in females (1 : 3.8-5.7 vs
1 : 7.0) and the intestinal position of the vulva (Table 2).
In C. crocutae, six groups of small teeth are arranged be-
tween the six large teeth, whereas accessory teeth are ab-
sent in the present specimens.

In C. heydoni, originally described with tricuspid teeth
(Baylis 1927) and later as having teeth with a single,
sharply pointed, conical cusp (Mawson 1968), the length
of the muscular (up to 800 pm) and glandular oesophagus
(up to 7.0 mm) in females is almost twice that seen in
C. pardalis sp. n. (498 um and 3.5 mm, respectively). Ac-
cording to Clark (1981), C. heydoni has large lateral alae,
a character that is absent in the latter species.

Cylicospirura barusi differs from the new species by
the position of the vulva at the level of the intestine (Ta-
ble 2), and the possession of four cephalic and four exter-
nal labial papillae. Both C. barusi and C. petrowi differ
from C. pardalis by having females with a shorter and
narrower buccal capsule (Table 2).

Despite the low number of specimens at our disposal,
the available diagnostic criteria, especially the configura-
tion of the large teeth and the distinct claw-like appear-
ance of the cusps, carry sufficient weight to unequivocally
differentiate the current specimens from all remaining
species of Cylicospirura.

DISCUSSION

The taxonomy of the genera presently included in the
subfamily Spirocercinae (Spirocercidae) has been devel-
oped mainly on the complexity of their cephalic morphol-
ogy (Chitwood and Wehr 1934, Chabaud 1959a,b, 1975,
Yamaguti 1961). Based on the presence of six teeth in the
buccal cavity, Chabaud (1959a) recognized Gastronodus,
Skrjabinocercina and Petrowospirura as synonyms of
Cylicospirura. This concept was not accepted by Skrjabin
et al. (1967), who considered the differences in the posi-
tion of the vulva in females and the number of caudal pa-
pillae in males as significant. In a subsequent publication,
Chabaud (1975) treated Gastronodus and Skrjabinocer-
cina as subgenera of Cylicospirura while still recognizing
Petrowospirura as a synonym of the nominotypical sub-
genus Cylicospirura. The morphology of the majority of
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species of Cylicospirura, Gastronodus, Petrowospirura
or Skrjabinocercina assigned to Cylicospirura sensu lato
is known from their brief original descriptions only. Nev-
ertheless, the available morphological data justify the val-
idation of the genera Gastronodus and Skrjabinocercina.

Cylicospirura is characterized by males that possess six
pairs of pedunculate caudal papillae (four precloacal and
two postcloacal) and four pairs of sessile papillae situ-
ated near the tail tip; the vulva of females is situated close
to the oesophago-intestinal junction or near mid-body
(Baylis 1927, Kozlov et al. 1964, Mawson 1968, Pence et
al. 1978, Arya 1979, Clark 1981, Waid and Pence 1988;
present study).

Gastronodus differs from Cylicospirura by having
males with nine to ten pairs of pedunculate caudal pa-
pillae (six to seven precloacal and three postcloacal) and
three pairs of sessile papillae near the tail tip, one large
and two smaller; the vulva of females is situated near the
anterior end (Singh 1934, 1948).

In contrast, Skrjabinocercina difters by males possess-
ing six pairs of pedunculate caudal papillae (four precloa-
cal and two postcloacal), one pair of sessile precloacal
papillae and another one near the tail tip; the vulva is situ-
ated near the anus (Matschulsky 1952).

For these three genera we propose the following
amended generic diagnoses:

Cylicospirura Vevers, 1922

Diagnosis. Head papillae represented by four subme-
dian cephalic papillae; in addition, four external labial pa-
pillae and (or) six internal labial papillae may be present.
No pseudolabia. Buccal capsule short, heavily sclerotized.
Six large teeth (two lateral and four submedian) arise in
posterior half of buccal capsule, projecting anteriorly,
with rounded or pointed tips or bearing cusps. In addi-
tion, groups of small accessory teeth may arise from buc-
cal capsule wall. Oesophagus divided into short muscular
and long glandular part. Deirids small, spine-like, situat-
ed near nerve ring. Male with narrow caudal alae, bearing
six pairs of pedunculate caudal papillae (four precloacal
and two postcloacal). Four pairs of sessile papillae situ-
ated near tail extremity. Single median sessile precloacal
papilla usually present. Spicules unequal and dissimilar.
Gubernaculum present. Female with short tail;, vulva
situated near oesophago-intestinal junction or equato-
rial. Eggs oval, thick-shelled, containing first-stage larva.
Parasitic in the alimentary tract of carnivorous mammals.
Type species C. subaequalis (Molin, 1860).

Gastronodus Singh, 1934

Diagnosis. Anterior end with four submedian cephalic
papillae. No pseudolabia. Buccal capsule short, heavily
sclerotized, armed with two lateral and four submedian
teeth. Oesophagus divided into short muscular and long
glandular part. Deirids small, spine-like, situated near
nerve ring. Male with narrow caudal alae, bearing nine
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to ten pairs of pedunculate caudal papillae (six to seven
precloacal and three postcloacal). Three pairs of sessile
papillae situated near tail extremity. Single median ses-
sile precloacal papilla present. Spicules unequal and dis-
similar. Gubernaculum present. Female with short tail;
vulva at level of anterior part of glandular oesophagus.
Eggs thick-shelled, containing first-stage larva. Type- and
only species Gastronodus strasseni Singh, 1934, parasite
of Suncus murinus (Linnaeus) (syn. Crocidura caerulea
Kerr) (Soricomorpha: Soricidae) (type-host) in India
(type-locality) (Singh 1934, 1948) and from S. murinus in
Thailand (Smith and Little 1973).

Skrjabinocercina Matschulsky, 1952

Diagnosis. Anterior end with four submedian cephalic
papillae. Buccal capsule short, heavily sclerotized. Four
submedian and two lateral large teeth arise in posterior
half of buccal capsule, projecting anteriorly. Oesophagus
divided into short muscular and long glandular part. Male
with narrow caudal alae, bearing six pairs of pedunculate
caudal papillae (four precloacal and two postcloacal).
One pair of sessile papillae situated near tail extremity.
Spicules unequal and dissimilar. Gubernaculum present.
Female with short tail; vulva posterior, situated near
anus. Eggs oval, containing first-stage larva. Type- and
only species Skrjabinocercina petrowi Matschulsky, 1952
from Allactaga sibirica (Forster) [syn. Allactaga saltator
mongolica (Radde)] (Rodentia: Dipodidae) (type-host) in
Buryatia, East Siberia, Russia (Matschulsky 1952).

Based on the amended definition of Gastronodus sug-
gested above, a few remarks concerning specimens as-
signed to this genus following the papers of Singh (1934,
1948) are warranted. Gupta (1960) described G. strasse-
ni from S. murinus (syn. C. caerulea) in East Pakistan.
However, his description differs from the specimens illus-
trated by Singh (1934, 1948), which have teeth of equal
length. According to Gupta’s (1960; Fig. 19 in his paper)
description, the lateral teeth are distinctly larger than the
submedian ones. Together with the smaller spicular ratio
(1:3.5vs1:6), one may doubt that they are conspecific
with the specimens described by Singh (1934, 1948).

Another species, Gastronodus muelleri Gupta et Trive-
di, 1985 (originally spelled as Castronodus [sic!] muel-
leri), was also described from S. murinus (syn. C. caer-
ulea) in India (Gupta and Trivedi 1985). The morphology
of this species differs significantly from the original de-
scription of G. strasseni by males possessing twelve pairs
of pedunculate caudal papillae (five precloacal, one ad-
cloacal and six postcloacal), situated on the broad cau-
dal alae, and by females having a narrow conical tail and
laying thin-shelled eggs without developed first-stage lar-
vae, which does not correspond to the generic diagnosis
of Gastronodus. Therefore, we consider this species as
a species incertae sedis.

The genus Petrowospirura was erected as monotypic
for P. Iyncis, a parasite of Lynx lynx (Linnaeus) and Fe-

lis manul Pallas (Felidae) in Russia (Matschulsky 1952).
Based on existing information, Chabaud (1959b) syno-
nymized P. lyncis with C. subaequalis. Throughout the
years, the brief original description of C. subaequalis
has been amended by Vevers (1922), Yamaguti (1961)
and Waid and Pence (1988). As a result of these studies,
P Iyncis, as described by Matschulsky (1952), can be
distinguished from C. subaequalis by having teeth with
indistinct cusps that seem variable in number, as opposed
to teeth with two well-developed cusps, a longer muscular
and glandular oesophagus in males, and a more posteri-
orly situated vulva in females (Tables 1, 2).

The particular morphology of its teeth also distin-
guishes P. lyncis from C. felineus, which possesses teeth
with three well-developed, symmetrical cusps (Pence et
al. 1978). In addition, it differs from C. felineus by the
more posteriorly situated vulva (Table 2). The teeth of
P Iyncis are equally distinct from those of the remaining
two species described prior to it, C. heydoni and C. arc-
tica, both terminating in a pointed tip (Petrow 1927,
Mawson 1968). In addition, these species can be read-
ily differentiated by differences in size, spicule length
and the position of the vulva (Tables 1, 2). We, there-
fore, consider P. lyncis as valid. Based on the presence
of six large teeth, four cephalic papillac on the level of
the amphids, four pairs of precloacal and two pairs of
postcloacal pedunculate papillae, short tail and anterior
position of vulva in the female, we propose for it the
name Cylicospirura lyncis (Matschulsky, 1952) Junker
et Mutafchiev comb. n.

When Chabaud (1959b) synonymized P. lyncis with
C. subaequalis, he did not comment on a second species
that had by then been assigned to this genus, Petrowos-
pirura petrowi Sadykhov, 1957 from Felis chaus Schre-
ber (Felidae) in Azerbaijan. The morphology of the latter
species as described by Sadykhov (1957) corresponds to
the generic diagnosis of Cylicospirura. It can be differen-
tiated from all other species in the genus by a combination
of characters, including buccal capsule length and width,
spicule length and distance of vulva from the anterior end
(Tables 1, 2). We therefore propose the new combination
Cylicospirura petrowi (Sadykhov, 1957) Junker et Mu-
tafchiev comb. n.

A third species, Petrowospirura barusi Arya, 1979,
was described from the stomach of a domestic cat in In-
dia (Arya 1979). While Arya (1979) describes P. barusi
as having a mouth with two lobes, each with three lips,
his illustration of the apical view does not clearly dif-
ferentiate two lobes but shows the presence of six teeth.
Whereas only six teeth are illustrated in apical view, the
author reports the presence of twelve longitudinal ridges
extending throughout the length of the heavily sclero-
tized, funnel-shaped buccal capsule and illustrates twelve
sharply pointed teeth in the anterior extremity of a female
(Arya 1979 — Fig. 1a in his paper). This could suggest the
presence of posteriorly situated accessory teeth between
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the six main teeth, similar to the arrangement of groups
of smaller teeth between the six large teeth of C. crocutae.

Males are described as possessing four pairs of pre-
cloacal and two pairs of postcloacal pedunculate papil-
lae (sessile papillae were not described), and the position
of the vulva in females to be pre-equatorial (Arya 1979).
Based on the morphological characteristics of P. barusi
outlined above, we suggest that this species has to be as-
signed to Cylicospirura as Cylicospirura barusi (Arya,
1979) Junker et Mutafchiev comb. n. The description of
the cephalic morphology of C. barusi was too perfunc-
tory to differentiate it with certainty from C. subaequalis,
C. felineus or C. skrjabini, which share similar morpho-
metrics (Tables 1, 2), and future studies might demon-
strate its synonymy with one of these.

On the basis of the above comparisons, we can con-
clude that the following species correspond to the generic
diagnosis of Cylicospirura:

(1) Cylicospirura subaequalis (Molin, 1860) Vevers,
1922 (type species) from Puma concolor and Puma ya-
gouaroundi (type host not designated) in Brazil (type
locality) (Molin 1860) and USA (Waid and Pence 1988,
Rickard and Foreyt 1992, Ferguson et al. 2011); Panthera
tigris (Linnaeus) (Felidae), died in London, originated
from Malay Peninsula (Vevers 1922), Madras, India (Mu-
daliar and Alwar 1947); domestic cat, Felis catus (Lin-
naeus), Felis chaus (Felidae) and Vulpes vulpes Linnaeus
(Canidae) in India (Yamaguti 1961, Rahman et al. 1971,
Pillai et al. 1981). The records of C. subaequalis from
Lynx canadensis (Kerr) in Canada (van Zyll de Jong 1966,
Threlfall 1969) and Alaska (Neiland 1966) and from Lynx
rufus (Schreber) in USA (Little et al. 1971) were consid-
ered as dubious in subsequent studies (Pence et al. 1978,
Waid and Pence 1988, Ferguson et al. 2011). In view of
the results of the present study, the species identifications
of previous records of C. subaequalis from Crocuta cro-
cuta in Ethiopia (Graber et al. 1980) and Kenya (Round
1968), from Panthera leo in Rutshuru, Democratic Re-
public of the Congo (Sandground 1929), Central African
Republic (Graber and Thal 1980) and from Panthera
pardus in Sierra Leone (Sandground 1930), which were
not accompanied by descriptions, seem to require further
studies.

(2) Cylicospirura advena Clark, 1981 from Felis catus
in New Zealand (Clark 1981).

(3) Cylicospirura arctica (Petrow, 1927) Chabaud,
1959 from Vulpes lagopus Linnaeus and Canis lupus
Sfamiliaris Linnaeus in Arkhangelskaya Oblast’, Rus-
sia (Petrow 1927). A type host was not mentioned in the
original description and type specimens were registered
as syntypes (Chertkova et al. 1984). Therefore, no type
host can be designated.

(4) Cylicospirura barusi (Arya, 1979) Junker et Mu-
tafchiev comb. n. from Felis catus (syn. Felis domestica)
in India (Arya 1979).
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(5) Cylicospirura crocutae sp. n. from Crocuta crocuta
in Zimbabwe (present study).

(6) Cylicospirura felineus (Chandler, 1925) Sand-
ground, 1933 from Felis catus (type host) in India (type lo-
cality) (Chandler 1925), Tasmania (Gregory and Munday
1976), Australia (Pavlov and Howell 1977) and South Af-
rica (Junker et al. 2006); Lynx canadensis in USA (Pence
etal. 1978); Lynx rufus in USA (Pence et al. 1978, Watson
et al. 1981, Tiekotter 1985, Ferguson et al. 2011); Felis
silvestris ocreata Gmelin (syn. Felis ocreata Gmelin) and
Vulpes vulpes in Algeria (Seurat 1913, 1915, 1917; for the
identifications see Sandground 1933 and Yamaguti 1961;
Figs. 1, 2 of Seurat 1913,); Panthera tigris tigris Pocock
(Felidae) in Indochina (Yamaguti 1961); Prionailurus
bengalensis (Kerr) (Felidae) in Vietnam (Sandground
1933); Vulpes lagopus Linnaeus and V. vulpes in Alaska
(Rausch et al. 1990).

(7) Cylicospirura heydoni (Baylis, 1927) Chabaud,
1959 from Dasyurus sp. (Dasyuridae) in Australia (type
locality) (Baylis 1927); based on the locality, Cairns,
Queensland, the host was likely Dasyurus hallucatus
Gould or Dasyurus maculatus (Kerr); D. maculatus in
New South Wales, Australia (Mawson 1968); Dasyurus
viverrinus Shaw (syn. Dasyurus quoll Zimmermann) in
Tasmania (Mawson 1968); D. hallucatus in Northern
Territory, Australia (Oakwood and Spratt 2000); Dasyu-
rus albopunctatus Schlegel in New Guinea (Ladds et al.
20006); Thylogale billardierii (Desmarest) (Macropodi-
dae) in Tasmania (Ladds et al. 2006); Felis catus in Tas-
mania (Milstein and Goldsmid 1997).

(8) Cylicospirura Iyncis (Matschulsky, 1952) Junker
et Mutafchiev comb. n. from Lynx lynx and Felis manul
in Buryatia, East Siberia, Russia (Matschulsky 1952).
The original spelling of the species name was ‘lynxi’ (see
Matschulsky 1952), but was later emended to ‘lyncis’ by
Chertkova et al. (1984). A type host was not mentioned
in the original description and type specimens were re-
gistered as syntypes (Chertkova et al. 1984). Therefore,
no type host can be designated.

(9) Cylicospirura pardalis sp. n. from Panthera pardus
in South Africa (present study).

(10) Cylicospirura petrowi (Sadykhov, 1957) Junker
et Mutafchiev comb. n. from Felis chaus (type host) in
Azerbaijan (type locality) (Sadykhov 1957); Felis silves-
tris Schreber in Bulgaria (Jan¢ev and Genov 1978) and
Germany (Krone et al. 2008).

(11) Cylicospirura skrjabini Kozlov, Owsjukova et
Radkewitch, 1964 from Vulpes lagopus near the mouth
of the Ob River and in Chukotka Peninsula, Russia and
Vulpes vulpes in Chukotka Peninsula (Kozlov et al. 1964).
A type host was not mentioned in the original description
and type specimens were registered as syntypes (Chertko-
va et al. 1984). Therefore, no type host can be designated.

Representatives of Cylicospirura parasitize a wide
range of carnivorous mammals comprising Canidae,
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Dasyuridae, Felidae and Hyaenidae. Especially C. fe-
lineus and C. subaequalis have been recorded as parasite
of various hosts from all major terrestrial ecozones (see
above). However, in some instances, subsequent detailed
morphological studies revealed part of these records as
erroneous (Sandground 1933, Yamaguti 1961, Pence et
al. 1978, Waid and Pence 1988). The description of two
new species of Cylicospirura from a single C. crocuta
and a single P. pardus, some 70 years after the genus had
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